There is strong evidence that race/ethnicity and social determinants of health significantly impact outcomes for patients with diabetes. A better understanding of the mechanisms of these relationships/associations will improve development of cost-effective, culturally tailored programs for patients with diabetes. This article reviews the current state of the literature on the impact of race/ethnicity and social determinants of health on process of care, quality of care and outcomes for diabetes, with particular emphasis on the rural South to give an overview of the state of the literature. The literature review shows that racial/ethnic differences in the clinical outcomes for diabetes, including glycemic, blood pressure, and lipid control, continue to persist. In addition, the literature review shows that the role of social determinants of health on outcomes, and the possible role these determinants play in disparities have largely been ignored. Psychosocial factors, such as self-efficacy, depression, social support, and perceived stress, show consistent associations with self-care, quality of life, and glycemic control. Neighborhood factors, such as food insecurity, social cohesion, and neighborhood aesthetics have been associated with glycemic control. Perceived discrimination has also been associated with self-care and the psychological component of quality of life. Health care professionals need to be skilled in assessing social determinants of health and taking them into consideration in clinical care. In addition, more research is needed to identify the separate and combined impact of race/ethnicity and social determinants of health on process of care, quality of care and outcomes in diabetes, especially in the South, where the burden of disease is particularly high.
suffer a greater burden of disease, exhibit poorer self-management abilities, and experience more diabetes-related complications compared to non-Hispanic Whites, (1, 4, 5) resulting in worse diabetes outcomes and higher rates of mortality. (4) National policies such as the Healthy People initiatives have been implemented since the turn of the 21st century to identify, reduce, and ultimately, eliminate inequities in health care, and promote the highest level of care among all population groups across America. (6) In addition, organizations such as the American Diabetes Association have established standards of medical care in diabetes, particularly for the "ABC's" of diabetes, which include a glycosylated hemoglobin A1c (HbA1c) <7%, blood pressure (BP) <140/90 mmHg, and low-density lipoprotein cholesterol (LDL-C) <100 mg/dL (2.6mmol/L) (7) , but these goals are often not attained by minority populations compared to non-Hispanic Whites. (7, 8, 9) Despite the existence of such policies and guidelines, a divide in care across various chronic conditions such as diabetes, continues to persist between vulnerable populations and the current majority. Evidence of racial and ethnic differences observed in select clinical outcomes briefly discussed below, illustrate the aforementioned inequity in care between groups. As such, equitable and comprehensive efforts for improving care and eliminating disparate care among multiple population groups is warranted.
Glycemic Control
Glycemic control is necessary to reduce complications, especially microvascular injuries, and improve outcomes associated with diabetes care. Affected by biological, socioeconomic, and quality-of-care factors (Kirk 2006) , HbA1c is the clinical measure routinely assessed to proxy glycemic control in individuals with type 2 diabetes. Unfortunately, minority groups consistently fall below the recommended guidelines for optimal results (i.e., HbA1c<7%), further widening the disparity in glycemic control observed between minority groups and non-Hispanic Whites.
In a systematic review of the literature to assess the impact of racial differences on monitoring and outcomes in diabetes, Campbell et al demonstrated significant differences in glycemic control by race/ethnicity. (10) Despite varying research designs, sample sizes, source data, and study limitations, members within minority populations (African Americans, Hispanic, and Asian Americans) were found to have significantly higher HbA1c levels compared to non-Hispanic Whites. (10) Additionally, regardless of the study population and the measured outcome (i.e., HbA1c threshold of <7% vs. <9%), differences in glycemic control by race and ethnicity were observed, and these differences were clinically significant indicated by a difference in HbA1c by a minimum of 0.5 between groups. (10) Finally, a persistent racial gap in glycemic control between African Americans and non-Hispanic Whites was continually observed in the populations assessed during the systematic review. (10) Similarly, in a meta-analysis to assess disparities in HbA1c levels between African American and non-Hispanic White adults with diabetes, Kirk et al found a difference in the HbA1c of approximately 0.65% between African Americans and non-and non-Hispanic White adults with diabetes. (11) As observed between African Americans and non-Hispanic Whites, Hispanic adults had higher HbA1c levels by a difference of approximately 0.5% compared to non-Hispanic White adults. (11) The findings presented by Campbell and Kirk demonstrate differences in glycemic control by race/ethnicity and contribute to the evidence indicating disparate care between population groups. These reviews are further supported by continued evidence in the literature demonstrating differences in glycemic control by race/ethnicity. (5, (12) (13) (14) (15) (16) In a study describing racial/ ethnic differences in HbA1c among non-Hispanic Black, Hispanic, and non-Hispanic White persons with diagnosed and undiagnosed diabetes in the United States, non-Hispanic Whites had lower mean HbA1c levels than both non-Hispanic Blacks and Hispanics. (16) In addition, non-Hispanic Whites with diabetes were less likely to have an HbA1c ≤11% compared to non-Hispanic Blacks and Hispanics. (16) In a study to examine longitudinal differences in glycemic control between 8813 non-Hispanic black and non-Hispanic White Veterans, Egede et al showed non-Hispanic black veterans to have higher HbA1c levels over time and poorer glycemic control compared to non-Hispanic White Veterans. (12) Similarly, in a study to determine racial/ethnic differences in the control of multiple diabetes outcomes in a diverse sample of adults in the Southeastern United States, the unadjusted mean HbA1c was found to be significantly higher in non-Hispanic Blacks compared to non-Hispanic Whites. (13)
Blood Pressure Control
Blood pressure control in patients with diabetes is another vital component of care management needed to reduce the risk or slow the progression of complications such as retinopathy and nephropathy. The United Kingdom Prospective Diabetes Study (UKPDS) provided strong evidence that blood pressure control greatly reduces the development of kidney disease associated with diabetes. (7, 17) Despite this evidence, blood pressure control in minority populations is often suboptimal.
In their systematic review to assess disparities in diabetes outcomes, Campbell et al found evidence examining racial differences in blood pressure control among patients with type 2 diabetes. (10) As was observed in glycemic control, individuals belonging to minority populations had significantly poorer BP control, and alarmingly, African Americans consistently demonstrated the lowest rates of BP control when compared to both non-Hispanic Whites and other racial and ethnic minority groups. (10) Similarly, in an effort to understand racial differences in the associations of diabetes with uncontrolled blood pressure in patients with comorbid hypertension, Liu and Song found non-Hispanic Blacks with diabetes to have a 138% higher chance of having uncontrolled blood pressure compared to persons without diabetes. (18) Paradoxically, diabetes was associated with lower systolic and diastolic blood pressures for Mexican Americans in this sample of 6134 adults with hypertension compared to both non-Hispanic Blacks and non-Hispanic Whites, (18) which is in contrast to the vast majority of literature assessing blood pressure control in diabetes where minority populations tend to have worse control. Finally, in a systematic review to assess racial and ethnic differences in cardiovascular disease risk factors where diabetes was an independent risk factor for cardiovascular disease, Kurian et al found non-Hispanic Blacks more likely to have significantly higher and uncontrolled blood pressure compared to non-Hispanic Whites. (19) In a retrospective cohort study to assess racial and ethnic differences in longitudinal BP control in Veterans with type 2 diabetes mellitus, minority veterans had an increased risk for poorer BP control when compared to non-Hispanic White Veterans. (8) Similarly, Lynch et al found the unadjusted mean BP (and independently, both systolic and diastolic pressures) to be significantly higher in non-Hispanic Blacks when assessing racial/ethnic differences in multiple diabetes outcomes among adult patients with type 2 diabetes in the Southeastern United States. (13) After adjusting for relevant confounding factors including sociodemographic characteristics, BP control continued to be worse in non-Hispanic blacks compared to non-Hispanic Whites. (13)
Lipid Control
Along with hypertension, dyslipidemia is a common comorbid condition often diagnosed in patients with diabetes. Therefore, a third vital component of diabetes management is lipid control, which along with glycemic and BP control, helps to reduce the complications associated with diabetes. The overall composite control of HbA1c, BP, and LDL-C in the sample of adults with type 2 diabetes in the Southeastern United States was significantly lower for non-Hispanic blacks as well compared to the other population groups. (13) In a study to examine simultaneous control of diabetes outcomes among 8,207 Veterans seen at primary care clinics, few patients were able to achieve simultaneous control of HbA1c, BP, and LDL-C. (20) The factors associated with poor composite control included being of African American or Hispanic race-ethnicity. (20) In a similar study, race and duration of diabetes were suggested reasons U.S. adults with diabetes have not been able to achieve ADA clinical practice recommendations for clinical outcomes such as HbA1c, high-density lipoprotein cholesterol (HDL-C), and LDL-C. (21) When examined as an independent outcome, the studies examining lipid control by race and ethnicity are sparse; however, some studies have demonstrated disparities in lipid control by race and ethnicity. In the systematic review conducted by Campbell et al, differences in lipid control by race/ethnicity were observed, just as was noticed in both glycemic and blood pressure control. (10) African American and Hispanics were more likely to have poor lipid control compared to non-Hispanic Whites. (10) When making comparisons among racial and ethnic groups, they found Asian Americans to be less likely to have poor lipid control compared to all other minority groups. (10) In a study assessing glycemic and lipid control among patients with diabetes at six U.S. public hospitals by Chew and colleagues, minority patients were at higher risk for poor lipid (and glycemic) control. (22) Similarly, in a study to analyze medication adherence patterns to maximize control of LDL-C, being African American was significantly associated with non-adherence and ultimately poor lipid control. 
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Social Determinants of Health and Diabetes
Significant effort in ongoing strategies to reduce or eliminate racial/ethnic disparities in health has been focused on improving access and quality of care. (24, 25) However, an important component that is often ignored is the role of social determinants of health on outcomes, and the possible role these determinants play in disparities. (24, 25) (25) This framework suggests that political, economic and cultural drivers influence socioeconomic position and social status, which in turn shapes the social determinants of health, including material circumstances, behaviors/ biological factors and psychosocial factors. These social determinants of health impact the health system and eventually impact health and well-being. (25) In addition to influencing health outcomes, social determinants of health have been found to influence health inequities within and between countries (28,29) suggesting they may help explain racial/ ethnic differences in health outcomes.
Evidence suggests a relationship between social determinants of health and both diabetes risk and outcomes. (30, 31) Much of the initial work on social determinants focused on socioeconomic factors. Research in the United Kingdom, Canada and the United States consistently shows an association between low socioeconomic status and increased risk of diabetes. (32) (33) (34) In addition, individuals in the United States with less than a high school education had a twofold higher diabetes-related mortality than those with a college degree or higher education, after adjustment. (35) Similarly, individuals without college education were more likely to have poor control of their diabetes than those with some college education. (36) A review of the literature focusing on the impact of social determinants on health outcomes in diabetes found that many articles were only tangentially related to social determinants, and did not explicitly examine their influence on outcomes. (31) The review found that there was little evidence explaining why lower socioeconomic status is associated with poor outcomes, though one path analysis confirmed a hypothesis that financial distress, community disadvantage and educational attainment influenced A1c through depressive symptoms. (31) The review also found that a range of topics categorized into the social and community context were associated with higher A1c, including low health literacy, acculturation, depressive symptoms, belief in chance and social isolation. (31) Lower quality of life was also associated with depressive symptoms, as well as higher perceived control.
The majority of papers meeting inclusion criteria focused on the healthcare system, finding higher A1c was associated with difficulty obtaining care, patients using acute care facilities, no usual source of care, and lower trust in providers and the healthcare system. (31) Disparities in outcomes did not differ significantly, however, by the primary source of care, number of physician visits or type of insurance. (31) The least amount of research was done in the category of neighborhood and built environment. Those who were food insecure were more likely to have poor glycemic control and lower neighborhood socioeconomic status was significantly associated with poorer physical and mental health, but more work is needed to confirm these results and understand the magnitude and direction of these relationships. (31) A set of social determinants referred to as intermediary determinants are particularly mutable because they occur at the individual level and are amenable to individual, community and health systems interventions. (25) These have been grouped into four main categories: psychosocial, material, behavioral/biological, and the health system itself. (25) Psychosocial factors include psychological states such as depression and stress, as well as psychosocial variables such as social support and perceptions of disease. Material factors include factors such as income, housing and neighborhood quality, education level, and the physical work environment. Behavioral factors important to patients with diabetes include behaviors such as smoking, diet and physical exercise. (25) In an effort to better understand the underlying determinants of differences in diabetes prevalence and outcomes, research surrounding psychosocial, neighborhood, and behavioral factors are summarized below, with specific focus on research conducted in the Southern United States.
Psychosocial Factors and Diabetes
Psychosocial factors can be viewed as one's psychological and social surroundings, which include psychological states such as depression, as well as, influences such as social support. These factors are believed to be both cause and consequence of how an individual manages their diabetes. (37) Diabetes is a psychologically and behaviorally demanding disease; therefore, psychosocial factors can influence most aspects of its management. (38) A systematic review in 2008 showed that psychosocial factors are significantly associated with poorer diabetes outcomes, and suggested that poor social support may be more strongly associated with diabetes control than stressful events or a stress-prone personality. (39) Additionally, an analysis taking both socioeconomic and psychological components of social determinants of health into account found that while socioeconomic factors were most often associated with diabetes outcomes and diabetes knowledge, psychosocial factors were most often associated with self-care and quality of life. (40) Self-efficacy and perceived stress had the strongest and most consistent associations with self-care, and depression, serious psychological distress, and social support had the strongest and most consistent associations with quality of life. (40) Additional work has been done to understand if these associations are the result of a direct or indirect influence on diabetes outcomes. In a study using mediation analysis and structural equation modeling, psychological distress, social support and self-efficacy were found to have a direct effect on both self-care and glycemic control. (41) In the final model, social status was not associated with either self-care or glycemic control, but lower psychological distress, lower social support and higher self-efficacy were related to lower glycemic control. (41) The recommendation to focus on diabetes distress, rather than solely on depression, was supported by this study. (42) In addition, self-care did not mediate this relationship, suggesting a need to consider psychological influences beyond their influence on self-care behaviors. (41) A path analysis of socioeconomic and psychosocial factors supported the conceptual framework linking social determinants of health to glycemic control through both direct effects and indirectly through self-care, access to care, and process of care. (43) While employment was directly associated with glycemic control, income was indirectly associated through its influence on process and access to care. (43) Similarly, while higher diabetes distress, higher fatalism, and lower self-efficacy showed a direct association with higher glycemic control, lower social support and higher perceived stress were indirectly associated through processes, access, and self-care factors. (43) These analyses are consistent with path analyses conducted in Turkey, Iran and China, suggesting clinicians should consider multicomponent interventions incorporating psychological and behavioral strategies in diabetes management. (43) In addition, a systematic review of interventions found that integrated lifestyle and psychological components were more effected at improving mental health than either alone. (44) A specific psychosocial factor consistently associated with diabetes outcomes is social support. Social support is a multifaceted experience that involves both formal and informal relationships, and can be categorized into emotional, tangible, informational, and companionship. (45) It can be either positive or negative and can include family members, friends, peers, and healthcare professionals. (45) A literature review conducted to understand its influence on diabetes self-care and glycemic control found higher levels were associated with better self-care and better outcomes. (45) Family support improved glucose monitoring, diet, and exercise, while decreasing perceived barriers to self-care; while support from health care professionals increased likelihood of meal planning and preventive services. (45) The association with better clinical outcomes remained regardless of delivery type, including peer support, couples/spouse, or nurse care managers. (45) And while negative support increases the risk of medication nonadherence, positive support was associated with decreased mortality rates. (45) The manner in which social support is perceived has been found to vary from the actual social support received, and receipt differs based on gender, race/ethnicity, culture and social environment. (45) In addition, a study found racial/ethnic differences in preferred mode of delivery, with minorities exhibiting a greater propensity for support from family and friends. (45) The variety of factors to consider in social support is an example of the need to consider in depth how best to account for psychosocial social determinants of health in intervention development.
focused on younger children. (49) In addition, interviewees noted limited options for accessing health food options, both when considering grocery stores and restaurants. (49) Food insecurity is reported in approximately 20% of patients with diabetes, and has been linked to poor glycemic control, possibly due to difficulty following an appropriate diet or increased distress. (50, 51) In an analysis considering a variety of neighborhood factors together, food insecurity and neighborhood activities had independent associations with multiple self-care behaviors. (52) Social cohesion was the only neighborhood characteristic with an independent association with glycemic control after controlling for relevant sociodemographic and clinical factors. (52) An analysis that used latent variables in structural equation modeling found that access to healthy foods was significantly associated with diabetes self-care, while neighborhood aesthetics (walking environment, recreational facilities, neighborhood activities) and neighborhood violence (safety, crime, perceived problems) were not. (53) However, when considering glycemic control, neighborhood aesthetics did have a significant negative direct effect on A1c. (54) In this analysis, access to healthy foods did not have a direct effect on A1c, suggesting it exerts its greatest influence on self-management behaviors. (54) Overarching psychosocial constructs such as discrimination and chronic stress have also been suggested to influence health outcomes and self-management in chronic diseases. (55) An inverse association between discrimination and health has been shown in a number of diseases and over a range of outcomes. (55) Work completed in the Southern United States in patients with diabetes found that while there was no association with biologic measures, perceived discrimination was significantly associated with health behaviors and the psychological component of quality of life. (56) Associations differed by race, with perceived discrimination in African Americans significantly associated with higher blood pressure, and perceived discrimination in Whites significantly associated with lower quality of life and poor health behaviors. (56) When considering perceived discrimination based on race, level of education, gender, and language, only discrimination based on education remained statistically significant after adjustment for other types. (57) 
Behavioral Factors and Diabetes
Behaviors such as eating a healthy diet, taking medications as prescribed, being physically active, and monitoring blood glucose levels are patient-level strategies vital to systematically maximizing diabetes self-management and improving health outcomes. Additional lifestyle changes such as tobacco cessation, weight management, and fruit and vegetable consumption and preventive strategies including daily foot examinations, annual eye examination and influenza shot, and vaccination with the pneumococcal vaccine, coupled with diabetes education, are also required to improve overall outcomes. (7) Studies have shown an association between positive health outcomes and behavioral factors. (58) (59) (60) The trio of (1) adhering to prescribed medication regimens, (2) being physical active, and (3) eating a healthy diet, together with (4) self-monitoring of blood glucose are acknowledged as the major cornerstones of diabetes therapy. (61) Evidence suggests adherence to diabetes medications varies between 36-93% for oral agents and 63-80% for insulin. (62, 63) A study of 1560 patients with type 2 diabetes to assess the influence of appointment keeping and medication adherence on HbA1c demonstrated an association between improved glycemic control (lower HbA1c) and medication adherence. (62) After 12 months of taking medications as prescribed, the HbA1c improved to 7.8%, a decline from 9.1% at baseline. (62) After adjusting for relevant sociodemographic and clinical factors, the HbA1c was found to have decreased by 0.34% with each quartile improvement in medication adherence. (62) Similarly, in a study of 540 adult patients with type 2 diabetes investigating the association between diabetes knowledge, medication adherence, and glycemic control, medication adherence coupled with diabetes knowledge and education were significant predictors of good glycemic control. (64) The benefits of physical activity are extensive, and in diabetes management, regular physical activity is recommended to improve blood glucose levels, reduce complications, and improve overall health. (61) In a meta-analysis to assess the effects of exercise on glycemic control and body mass index in type 2 diabetes mellitus, Boule et al found significantly lower HbA1c levels when patient groups were physically active compared to control groups where exercise was not a part of the management routine. (61) Similarly, in a randomized controlled trial of an exercise program using resistance training to improve glycemic control in older adults with type 2 diabetes, individuals in the exercise program had reduced HbA1c levels and increased muscle glycogen stores compared to the individuals in the control group. (65) Individuals in the exercise group benefited even more as the prescribed medication dosages of 72% of the exercisers were eventually reduced compared to a 42% increase in the comparison group individuals who were not physically active. (65) Several clinical trials have demonstrated an improvement in glycemic control with a lowcarbohydrate diet, as carbohydrates are the driving force prompting higher glucose levels and insulin release. (66) Evidence suggests that, compared to diets higher in fat with reduced carbohydrates, diets higher in carbohydrates significantly worsen blood glucose and lipid levels, resulting in a 24% increased fasting plasma triglyceride level and a daylong increase in fasting plasma glucose level by 12% and triglyceride level by 10%, worsening overall metabolic control. (67) Further, daily consumption of diets higher in carbohydrates resulted in worsening HbA1c, persisting hyperinsulinemia, and increasing hyperlipidemia. (67) Self-monitoring of blood glucose (SMBG) is an essential component of effective diabetes management, as it allows patients to assess their response to therapy and make directed adjustments as warranted to their self-care skills and abilities. (7) Evidence from the American Diabetes Association suggests a correlation exists between SMBG frequency and lower HbA1c levels. (7) In patients with type 2 diabetes where the prescribed SMBG regimen often varies and is patient-, goal-, and control-directed, SMBG can serve as a useful tool for patient-centered care when guiding diet therapies, making medication titrations, and improving physical activity levels. (7) In a study to evaluate the effectiveness of SMBG in improving glycemic control, Karter et al found an association between testing at least once daily with lower HbA1c in patients with type 2 diabetes who were also receiving pharmacologic treatment. (68) These findings resulted in a statistical and clinically significant reduction in HbA1c by 0.6 points. Furthermore, individuals with type 2 diabetes not treated with medications (lifestyle and behavioral modification only) who tested at any frequency also benefited from SMBG and saw a reduction in HbA1c by 0.4 points compared to individuals who did not test at all. (68)
Conclusion
In conclusion, based on a scoping review of the literature, there is strong evidence that race/ ethnicity and social determinants of health significantly impact outcomes for patients with diabetes. A better understanding of the mechanisms and pathways of these relationships/ associations will improve development of cost-effective, culturally tailored programs for patients with diabetes that are sensitive to the needs of the populations being served. Health care professionals should be skilled in assessing social determinants of health and taking them into consideration in clinical care. A study of 34 systematic reviews on interventions to improve minority health found that effective interventions have the potential to extend beyond the traditional view of clinical care and reach into the social and cultural context. (69) Interventions such as care coordination, culturally tailored health education, and community health workers, emerged as important areas to focus future research. (69) In addition, more research is needed to identify the separate and combined impact of race/ ethnicity and social determinants of health on process of care, quality of care and outcomes in diabetes, especially in the South, where the burden of disease is particularly high.
